Aim. To determine 293 and U373 cell response and ERK1/2 activation profile after
Introduction. Despite the lack of chitin synthesis in mammalians, their genomes encode a set of homologous chitinase-like proteins (CLPs). In human there are six proteins of this family [1] and CHI3L1 is the most investigated protein of the group. CHI3L2 protein is closely related to CHI3L1 and has significant sequence homology with other mammalian CLPs. CHI3L2 was identified as a protein that co-purified with CHI3L1 from conditioned medium from human articular cartilage chondrocytes primary culture [2] . Overexpression of CHI3L1 and CHI3L2 genes was found in glioblastoma [3] [4] [5] and other tumors (reviewed in [6] ). It was reported that CHI3L1, similarly to IGF1, promotes the growth of human fibroblasts by MAPK/ERK1/2 and PI3K/AKT pathways activation [7] . An assumption about CHI3L2 function was gained from the structural similarity with CHI3L1 in size, nucleotide and amino acid sequences, and 3D structure [8] . However, Western blot analysis did not show simultaneous production of CHI3L1 and CHI3L2 in gliomas, apparently indicating their different functions [5] .
The work described here demonstrates the possible influence of MAPK signaling duration and the localization of phosphorylated ERK1/2 on the control of mitogenesis and proliferation in CHI3L1 or CHI3L2 treated human glial U373 and embryonic kidney 293 cells.
Materials and methods. 293 cells (Human embryonic kidney 293 cells, also often referred to HEK 293, or less precisely as HEK cells) and U373 cells (Human glioblastoma-astrocytoma, epithelial-like cells) were kindly provided by Prof. I. Gout (UCL, Cell Signaling and Metabolic Regulation Dept., UK). Cells were grown in DMEM supplemented with 10 % FBS and 100 µg/ml penicillin, 100 units/ml streptomycin in an environment of 5 % CO 2 .
Native CHI3L1 was purified from conditioned MG-63 cell medium as described by Harvey et al. [9] . Synthesis of recombinant CHI3L2 was performed according to our previous description [5] . Antibodies were obtained from multiple sources and used at the specified dilutions for immunofluorescence microscopy: The reagents for enhanced chemiluminescence (ECL) from «Sigma-Aldrich Co.» (USA) and «Fluka» (Switzerland) were used for the visualization of immunoreactive bands on Western blots.
Mitogenic activity was assessed by determination of DNA-synthesis rates of treated and untreated cell cultures. 293 cells or U373 cells were seeded into 24-well tissue-culture plates and allowed growing to near-confluence in DMEM supplemented with 10 % FBS, followed by a 24 h serum-starvation period in unsupplemented DMEM, CHI3L1 and CHI3L2 were added at the concentration of 100 ng/ml, followed by [
3 H]thymidine (3 µCi/ml) («Amersham», UK) 2 h later. Cultivation was stopped after 24 h of exposure and the cell layers were briefly washed twice by PBS and lysed in 0.5 M NaOH with 0.5 % SDS. DNA was collected on glass-fibre filters («Whatman», UK) and washed with 5 % trichloroacetic acid. [ 3 H]thymidine content was determined by liquid scintillation spectroscopy using a Perkin Elmer scintillation counter.
Investigation of ERK1/2 phosphorylation was performed according to our previous description [10] . Briefly, cells were seeded into 6-well tissue culture plates in DMEM contained 10 % FBS and allowed to grow to near-confluence, serum-starved for 24 h, followed by exposure to CHI3L1 or CHI3L2 for time periods up to 2 h. At the end of the incubation periods, cell layers were washed twice in ice-cold PBS and whole cell lysates were mixed with 2 ´ Laemmli sample buffer, boiled, proteins resolved by SDS-PAGE and transferred to nitrocellulose membrane. Membranes were blocked with 5 % powdered skim milk, reacted with anti-phospho-ERK, and then incubated with HRP-anti-mouse. Blots were developed with an ECL detection system. Membranes were treated in stripping buffer and incubated with pan-anti-ERK. After incubation with HRPanti-rbbit IgG for 1 h, total ERK1/2 was detected with ECL. Specific activation of MAP kinases was measured by densitometric analysis of Western blot signals using Scion Image 1.62c program (NIH ImageJ; NIH, Bethesda, MD).
For immunofluorescence and confocal microscopy, cells were seeded on coverslips and allowed to grow to near-confluence. Cells were then serum-starved for 24 h, followed by exposure to CHI3L1 or CHI3L2 (100 ng/ml) for time periods up to 4 h. After treatment, immunofluorescence analysis was performed as described by Volmat et al. [11] .
Results and discussion. A dose-dependent decrease of mitogenesis was observed in the cells of tumor (U373) and non-tumor (293) origin treated with CHI3L2 (Fig. 1) . The simultaneous addition of both CHI3L1 and CHI3L2 chitinase-like proteins showed the inhibition of [ In human, a single gene encodes the cytoplasmic and mitochondrial forms of lysyl -tRNA synthetase by means of alternative splicing. The cytoplasmic isoform is produced from the mRNA lacking exon 2. This isoform is targeted to the MARS (Multi Aminoacyl-tRNA Synthetase) complex. The mitoсhondrial species is produced by translation initiation at the level of exon 2. Mitochondrial LysRS is specifically hijacked by the GagPol precursor protein during the process of packaging of HIV-1 particles. Association of mLysRS with GagPol involves catalytic domain of the synthetase and transframe (p6*) and integrase domains of the Pol region of GagPol. The formation of the tRNA(Lys, 3) packaging complex is an essential process of the HIV-1 life cycle, since this tRNA is required for initiation of reverse transcription of the RNA genome of HIV-1. The tRNA(Lys, 3) packaging complex is a potential therapeutic target
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indicating that proliferative influence of CHI3L1 was inhibited with CHI3L2 addition. The obtained results demonstrate that CHI3L1 and CHI3L2 possess antagonistic properties in spite of their quite similar structure.
Using Western blot analysis we showed, that similarly to CHI3L1, the treatment of both U373 and 293 cell lines with CHI3L2 leads to phosphorylation of ERK1/2 (Fig. 2) . However, CHI3L2 and CHI3L1 mediated phosphorylation of ERK1/2 occurred in the timeand place-dependent manner. In 293 and U373 cells, the CHI3L1 mediated phosphorylation of ERK1/2 is transient. Even after 2 min of the treatment with CHI3L1 cells became brightly fluorescent, while in 60 min we did not see any phosphorylation of ERK1/2. At the same time the treatment of cells with CHI3L2 leads to prolong ERK1/2 phosphorylation, which was maintained for more than 4 h. Moreover, such event was entailed by translocation of phosphorylated ERK1/2 to the cell nucleus (Fig. 3, see inset) . Previously, using the model of cells PC-12 treated with NGF, it was shown that translocated to the nucleus ERK1/2 could activate several transcription factors leading to the inhibition of proliferation and apoptosis or to differentiation of cells [12] .
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